Most of the isolated fungi in the swimming pools can cause ear, eye and allergic diseases, therefore improvement the hygiene of swimming pools for control of microbial contaminations are recommended.
Background
The majority of people attend swimming facilities for; recreational activities, rehabilitative treatment or sport. In recent years, there have been many reported cases of infectious diseases caused by the inadvertent swallowing of swimming pool water that was contaminated with bacteria, fungi or protozoa cysts while swimming (1, 2) . Giardia lamblia and Cryptosporidium and free living ameba have been reported in some swimming pools in the United States and Slovakia, respectively (3, 4) . Most of the waterborne outbreaks of gastrointestinal disease, such as Salmonella sp. have been associated with recreational exposure (3) . Approximately, 40 % of the microorganisms isolated from swimming pools are Bacillus which is due to the fact that they contain spores which are resistant to disinfecting substances, particularly percholorine (2) . In the majority of cases Bacillus subtilisis considered to be a non-pathogen, but due to its dominant flora under some special circumstances it is thought to be the cause of; conjunctivitis, meningitis, pneumonia, and septicemia (5) .
Pseudomonas are resistant to sodium hypocholoride that is used for disinfecting pools and it is considered to be an opportunist microorganism that is involved in urinary tract infections, wound in fections, sepsis and bed sores (2, 5) . Despite the fact that these bacteria are not considered major threats and play no direct role in producing infections in humans, they should not be ignored when checking the water quality of swimming pools (2) . Contamination of swimming pools has been reported in Gorgan and Shiraz, Iran with Pseudomonas aeruginosa and Ecoli (6, 7) .
Approximately 10 to 20 % of the general population worldwide is infected by dermatophytes. Dermatophytes are a type of fungus that can live on; external skin, within hair, and in skin lesions. They can be transmitted to others through direct contact such as swimming water, wrestling mats, and physical contact in sports (8) . Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis, Penicillium sp, Rhizopus sp, Aspergillus, Fusarium sp, Trichophyton mentagrophytes and Mucor sp. were isolated from swimming pools in Nigeria (9) . The most common fungi recovered in swimming pools in Uremia, Iran was Asepergillus spp. 56 %, and Candida spp. 22.9 % (10). Other factors that may contribute to the spread of skin disease in the pools includes; water temperature, humidity, age, profession, life conditions, and ensuring the necessary hygiene to enter into the swimming pools (8) . In addition to these factors, the physical and chemical conditions of the water such as; pH and residual chlorine levels within the pools are very important. Whenever the free chlorine level is below 0.04 mg/L and the pH level measures 6.9 to 8.9 the activity of microorganisms within swimming pools increases, because by increasing the pH, only a low percentage of residual chorine changes into hypochlorous (11) .
Residual chlorine with a standard density of 1.5 mg/l or higher level is insufficient to eliminate any parasites and free living ameba within the swimming pools (4, 12, 13) . The presence of such infecting factors within the swimming pools can endanger swimmer's health and cause infectious diseases including; otitis, Candida vaginitis, trichomoniasis, oxyuriasis, keratitis or meningoencephalitis (4, 8, 14, 15) .
The first step in providing a safe swimming environment is to provide healthy swimming pools, as well as a swimming environment free from fungi, parasites and bacteria. This type of policy protects the swimmers and prevents them from contracting communicable infectious diseases. Research has shown that nearly all swimming pools face the risk of culturing microorganisms which are harmful for human health.
Objectives
The purpose of this study was to determine the physicochemical, parasitic, fungal and bacterial contamination of public swimming pools in Kashan, Iran.
Materials and Methods
In this cross-sectional study, A total of 200 samples from the water of four indoor public swimming pools in Kashan, Iran (A-D; 33, 34,25,8 samples respectively) were taken in different seasons during 2008-2009. Standard procedure was followed for collecting samples using a manual plastic pump, in a 500 mL sterilized bottle (16). Samples were collected from the surface (100 samples) and 20 cm beneath the surface (100 samples) during 9-12 A.M. The residual chlorine, pH and temperature were examined on site and then the samples were transferred to the laboratory in a cool box and turbidity was measured. A thermometer was used to measure the temperature and turbidity was determined by (HACH Co , 2100 P turbidimeter; USA). The pH and residual chlorine was assessed by a DPD kit (N,N-Diethyl-p-Phenylenediamine kit) and phenol red (16, 17) .
The standard of the physicochemical parameters of water in Iran are; turbidity less than 0.5 Nephelometric Turbidity Units (N.T.U) and residual chlorine 1-3 ppm, pH 7.2-8, temperature 27-29°C (16). The physicochemical parameters were studied among 100 surface samples. For the purposes of diagnosing cysts or parasite eggs, fungi spores and bacteria, 150 mL of the samples were filtrated through Millipore filters with a pore size of 0.45 micrometers. Then, the filter paper was washed with 2 mL of sterile physiology serum and the residual water was centrifuged at 3000 rpm for 8 minutes. Immediately after this process, the sediment was examined to see whether there were any trophozoites, protozoa cysts or worm eggs (10, 14) .
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passed through this filter. This filter was inoculated upside down over the Bactoagar medium enrichment with Ecoli. Following the closing of the plates with Para film, they were kept in an incubator at 30°C for one week (4) . Then the plates were examined under the microscope to check for the presence of free living ameba colonies and the results were recorded in a check list. For the purpose of detecting fungal contamination, the sterile swaps were placed in the residual filtrated water; surface and deep samples, were then cultured in Saboroud -dextrose agar (S) and Saboroud -dextrose agar + chloramphenicol + cycloheximide (SCC). The plates were incubated at room temperature for two weeks and then the level of fungal growth was determined by routine laboratory methods. In cases where there were signs of colonial fungal growth it was designated positive, and then it was examined by the teased mount method or slide culture (8) . Bacterial examination was performed by testing the water sample sediment in nutrient agar medium and then it was cultured in Eosin Methylene Blue Agar (EMB) and blood agar, kept in an incubator at 37°C for 24 hours. In cases where the results turned positive, for the purpose of identification, Indol, Methyl red, VP, Citrate tests were used to count them (18) . All of the mediums were from Merck, Darmstadt, Germany. These results were recorded on the recording forms, then the data were analyzed by using SPSS ver 16 and statistical tests including chi squared, Fisher's exact test, ANOVA and T test. This study was approved by the Ethics committee at the Kashan University of Medical Sciences.
Results
The findings indicated that the average; temperature, pH, residual chlorine and turbidity of water in the swimming pools were: 30.6 °C ± 1.9, 7. 7 ± 0.29, 1.5 ppm ± 0.7, and 0.47 ± 0.2 NTU respectively. Frequency standard of the physicochemical parameters of swimming pools in Kashan, Iran is presented in Table 1 . Temperature was standard in 10 % of the swimming pools. Frequency distribution of residual chlorine according to the seasons in the public swimming pools is presented in Table 2 .
The lowest level of residual chlorine was found during the winter (38.1 %), and the highest concentration was during the summer (94.4 %). Prevalence of fecal coliform was 3 %. (MPN = 9 fecal coliform per 100 mL). No cysts, parasite eggs or free living ameba were found. On the other hand, various opportunistic saprophyte fungi were isolated from indoor swimming pools.The prevalence of fungal contaminations on the surface and at depth in the swimming pools were 42 % and 12 % respectively, and the overall prevalence was 27 %. In this research 12 types of opportunistic saprophyte fungi were detected. The most common fungal isolates included: Aspergillusspp.50 %, Rhizopus 13 %, Yeast 13 %, Penicillium spp 7.4 % and Fusarium spp 3.7 %. No cases of dermatophytes were isolated. Fisher's exact test showed that there was no significant difference among the fungal contamination in all of the swimming pools (P = 0.97).
The highest rate of fungal contamination was observed during the summer (33.3 %) and the lowest rate was detected during the spring (18.5 %) (Figure 1 ). However, there was no significant difference among the seasonal rates of fungal contamination (P = 0.36).
Overall, 18 cases (9 %) of bacterial contamination were found. The highest and the lowest frequency were found during the fall and spring 17.6 % (12 cases) and 1.8 % (1 case) respectively. The difference was significant (P = 0.02). Prevalence of bacterial contamination in the water of the swimming pools was as follow: S. epidermidis 5.5 %, B. subtilis 2 % and E. coli 1.5 %. Pseudomonas spp. were not isolated from the indoor swimming pools. There was a significant relationship between residual chlorine levels and bacterial contamination (P = 0.001). 
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Discussion
The results of this research showed that the mean of the physicochemical parameters except for temperature was standard at more than 60 % ( Table 1 ). The pH was standard in 88 % of the swimming pools (Table 1 ).In comparison with the results from Gorgan, Iran, Kashan's swimming pools were in a better condition (6) . In the present study a pH level greater than 8 (basic) was found in 8 % of the samples, in basic pH conditions the disinfecting ability of chlorine is decreased (11) . Data from this study suggests that the residual chlorine level of Kashan's swimming pools was 1.5 ppm and was standard in 71 % of the samples (Table 1) . Mean residual chloride in swimming pools in Uremia and Shiraz, Iran were lower than the standard (0.6 ppm) (7, 10) , so in comparison with these other studies, Kashan's swimming pools were in a better condition.
A study conducted in Amman, Jordan, indicated that conformance of the pools water to the standards was 49.4 % for residual chlorine, pH 87.7 % and water temperature 48.8 % (19) . Findings of the current study indicate that the residual chlorine of swimming pool water in Kashan, Iran was of a better quality in comparison with Amman, but the parameter of temperature was lower in Kashan, in comparison with Amman (19) . No intestinal parasites and free living amebas were found in this study. Thus, the results were similar to those reported by Maida in Italy (20) . The lack of parasitic contamination in Kashan's swimming pools may be attributed to the low rainfall and the use of deep underground water sources and low prevalence of intestinal parasitic diseases (21) .
In the case of contamination of pools with free living ameba; Acanthamoebaand Naegleria, may lead to keratitis in the cornea or acute amebic meningoencephalitis that may lead to death (4, 14) .
The majority of the swimming pools have a significant role in the spread of fungal diseases and ear problems (22) . Factors such as; a pre-existing swimmer's skin infection as well as a failure to control pH levels and inappropriate disinfection measures are very important in the spread of disease (8, 15) . It is a well known fact that there is a close association between chemical and physical properties; level of pH and free residual chlorine, temperature, swimmer's load and the degree of pollution in swimming pools. Through measuring the aforementioned factors, it is possible to predict the level of contamination in a swimming pool with a high degree of accuracy (17) . Data from this study suggests that the prevalence of opportunistic saprophyte fungal contamination in the swimming pools was 27 %, which was lower in comparison with Isfahan, Iran (23) . The results of this research also indicated that the pH of swimming pools in Kashan was close to the standard; such a condition is suitable for fungal growth and explains the reason behind the high degree of fungal contamination found in this study (17, 24) .
Chlorine at the standard employed in swimming pools does not eliminate; fungi, parasites, and bacteria (16). However, 29 % of the pools showed values below the standard which may be interpreted as a high prevalence of fungal contamination (Figure 1 and Figure 2) . The results of this research showed that there was a significant difference between the residual chloride in the contaminated and non-contaminated swimming pools (P = 0.014). Such findings are in agreement with the results of research reported by Neghab; that when chloride drops to 0.7ppm, fungal contamination increases, while when this value exceeds 2.1, fungal contamination decreases (7) . Maida claims that the quality of water depends on chloride con- (20) .
High temperatures prepare the conditions for disease causing factors. The ideal temperature for swimming pools varies between 27 to 29°C. The results of this study showed that the temperature was not standard in 90 % of the pools ( Table 1 ) and in the majority of cases (88 %) they were higher than 29°C, which is ideal for the growth of fungi and bacteria. In regard to the types of fungal contaminations isolated in the swimming pools, the highest frequency was observed for Aspergillus and the lowest for Fuzarium, a condition similar to that which was reported in Italian, Nigerian and Iranian indoor swimming pools (10, (25) (26) (27) . Considering the potential role of Fonychomycosis and Aspergillus as a starting point for disseminated infections in immune compromised patients, swimming pools constitute serious problems (28) .
Dermatophytes have been reported in the swimming pools of Nigeria, while no such fungi were isolated in this study (9) . In this research, the highest frequency of fungal contamination was found during the summer (Table. 2), while the highest level of residual chlorine was also measured during this season, the result shows that chlorine has no influence on the decrease of fungal contamination and it would be better to replace it with other types of disinfectant. This is probably due to the high temperatures found during summer, in addition to the presence of humidity and fungal spores, thus making the conditions ideal for an increase in fungal growth. The results of this and other research indicates that one of the causes of microorganism contamination in swimming pools is an insufficient concentration of disinfectant (20) .
In the present research S. epidermidis, B. subtilis and E. coli were isolated (Figure 2) . A high prevalence of bacterial contamination was observed in the autumn and the winter, when the chlorine level was at its lowest level. These data are similar to other findings (20) . S. epidermidis has been reported to cause hospital and opportunistic infections (29) . Bacillus spp. form permanent spores and are resistant to disinfection, these bacteria are considered to be non-pathogenic, but have occasionally been isolated from cases of conjunctivitis, meningitis, pneumonia, and sepsis (5) . In other research P. aeruginosa were reported (2, 10) . Fortunately, in this research no case of these bacteria was identified. In research that was conducted by Maida and Gregori, P. seudomonas and S. epidermidis were also reported (20, 30) .
Legionellosis agents from swimming pools and cooling towers have been reported in Khuzestan Province, Iran (31) . Bacterial infectious diseases such as; E. coli, S. epidermis and P. aeruginosa may occur after swallowing swimming pool water (1, 2) . Careful inspection of conditions such as; maintaining a standard temperature range, residual chloride levels as well as increasing the knowledge of the swimmers using the pools can decrease the likelihood of contamination as well as the transfer of infectious disease. Based on the results of this study, the rate of opportunistic saprophyte fungal contamination in the swimming pools of Kashan was relatively high, but bacterial contamination was relatively low, comparison with other studies. Such conditions may be due to the high temperatures and the low level density of chlorine which is ineffective in eliminating the fungi. Therefore, it is suggested that the standard level of residual chloride in these places be reexamined or replaced by stronger disinfectant substances. In addition, medical education programs for the individuals using these pools, as well as the personnel in charge of the pool facilities need to be offered.
